Introduction: Poor posture in children is a common problem. It appears most often in early school-age children and, if not corrected, progresses quickly as they mature. Aim of the research: To find a method that can prevent poor posture, is effective and attractive for children, and can be used on a wide scale in state schools. Material and methods: Seventy-seven first year pupils were tested at the beginning and at the end of the school year. Nineteen children undertook corrective exercises using unstable surfaces; 41 children sat on sensorimotor pillows during classes; and 17 children were the control group. Body mass and body height were measured. Body mass index was calculated. The symmetry of the position of selected skeletal points was assessed: the acromions, lower angles of the scapulas, apexes of the iliac crests, antero-superior iliac spine, and postero-superior iliac spine using a Duometer electronic device. The differences between the groups and changes between the first and second study for each group were estimated. Results: In the first study there were no significant differences in quality of posture. In the second study a significant improvement was noted in symmetry of the shoulders, scapulas, and pelvis in children who sat on sensorimotor pillows, as well as the position of the iliac crests and iliac spines in children exercising regularly on unstable surfaces. Conclusions: Exercises using unstable surfaces and sitting on sensorimotor pillows during classes might be an effective alternative to traditional posture correction exercises.
Introduction
For children, beginning school changes their life style to a great degree. School education requires sitting for several hours every day. During standard classes, pupils are sitting for 97% of the time, 1/3 of which they are leaning forward, reading or writing [1] . The dimensions of school furniture are not usually suited to children's bodies, which make it more difficult for them to maintain a correct seated position [2, 3] . Outside school, children also spend a lot of time sitting, mainly in front of the television or using a computer [4, 5] . School bags are often too heavy or inappropriately carried [6, 7] , which leads to the deterioration of body posture [8] or back pain [9, 10] . The overall effect is the universal deterioration of body posture in the early schooling years [11] [12] [13] [14] .
Aim of the research
The aim of the study was to find an effective method to prevent body posture defects in children beginning school education. The intention of the authors was to create a programme that satisfies the following criteria: high effectiveness, low economic costs, an attractive programme for children, and one that can be carried out during the period that the child is at school, without the necessity of the involvement of the parents and children during their free time.
Material and methods
Seven-year-old children beginning primary education were observed. These children were from four groups in the same school. Pupils were excluded from the study if they had a history of musculoskeletal disorder or pain. In the final analysis, the results for 77 children (35 girls and 42 boys) were taken into consideration. The parents or legal guardians gave written consent for the involvement of the children in the study. The agreement of the local bioethics committee (approval number 2/0177, Ethics Committees at the Regional Medical Chamber) was also obtained.
The study was conducted twice: in September 2012 and in June 2013, at the beginning and end of the school year. The children were tested individually in a nurse's room, dressed in underwear. Body mass was measured to a precision of 0.1 kg on a Tanita scale. Height was measured to a precision of 0.01 m on a calibrated Martin type anthropometer. To measure height, children stood bare-footed, feet together, in a straight posture, eyes forward. The results were written down on a designated study form. Body mass index (BMI) was calculated on the basis of these data.
On a Technomex Alfa balance board the right and left lower limb loading in a habitual standing position were studied. The results were given as a percentage of body mass. The symmetry of the position of selected skeletal points was assessed: the acromions, lower angles of the scapulas, apexes of the iliac crests, antero-superior iliac spine, and postero-superior iliac spine. Using a Duometer electronic device, the deviation of specific anatomic points of the left and right side of the body from the horizontal level was established. The results were presented according to gradation. All the children were examined by the same experienced physiotherapist, who did not know which group the child was assigned to in the study.
The procedure was as follows: A group was randomly selected (19 children) and called SE (sensorimotor exercises). Pupils from this group undertook 15-minute exercises twice a week for the whole school year, which developed correct posture using unstable surfaces: Swiss balls and sensorimotor discs. These exercises were included as part of (physical education) PE classes in the gymnastics hall. The children were dressed in sportswear.
Example exercises: standing with both feet on the disc, eyes open; standing with both feet on the disc, eyes closed; standing with one foot on the disc, arms spread out; doing squats standing with both feet on the disc; sitting cross-legged on the disc, palms on knees, leaning forwards and returning to starting position; kneeling on all-fours, palms and knees on the disc, raising both the right hand and left leg to the horizontal position, returning to the starting position, alternating limbs; sitting on a ball, back straight, eyes forward, palms on knees, balancing the hips, right and left sides; sitting on the ball, arms spread out rotating outwards, lifting the feet off the surface, attempting to maintain balance; sitting on a ball, abdominal muscles tensed stabilising the pelvis, arms up, side bends to the left and right; attempting to maintain balance in a front lying position on a ball (exercise performed with supervision). The teacher paid special attention to the correctness of the exercises performed.
Pupils from another two groups (41 children), specified as the SP group (sensorimotor pillows), sat on sensorimotor pillows placed on standard chairs during classes. Children were not taught how to sit. They did not sit on a sensorimotor pillow at home. The children did not perform any additional exercises for correcting posture. A third group (17 people), called the control group (C), consisted of children who sat on standard chairs during classes, and did not perform exercises on non-stable surfaces or other exercises to correct their posture. During PE class the C and SP groups performed general developmental exercises as well as motor activities and games. Pupils from all groups did not participate in additional exercises or trainings.
When the children started primary school (first study) the average body mass of all those studied was 24.62 kg and was similar in all groups ( Table 1 ). The average height of all studies was 123.71 cm and the BMI was 16.01 kg/m 2 . Over 10 months of the school year 
Statistical analysis
In the analysis the average and standard deviation were used to describe the changes, the Shapiro-Wilk test was used to analyse the normality of the distribution, the factorial ANOVA and post-hoc Tukey test to compare intergroup, and repeated measures ANOVA to specify the significance of differences between the first and second study. The differences were found to be significant at p < 0.05.
Results
In the first study it was stated that the children from the SE and C groups had greater right than left leg loading in the standing position, whereas the children from the SP group had greater left leg loading. In the second study, a greater loading in the right leg was noted in all three groups. The most significant difference in the loading in the right and left leg due to body weight was observed in the first study of C group and in the second study of SP group. The most symmetrical loading on the right and left legs in the standing position was shown in the first study in the SP group and in the second study in the SE group.
By assessing the trunk setting, the deviation of the linking line of selected skeletal points of the right and left sides relative to the horizontal was established. In the first study the greatest asymmetries were noted for the placement of the acromions and lower angles of the scapulas in the SP group, the iliac crests in the SE and SP groups, and antro-superior iliac spine and postero-superior iliac spine in the SE group. In this same study the most symmetrical position of the acromions and scapulas were noted in the SE group, iliac crests and antero-superior iliac spine in the C group, and postero-superior iliac in the SP group.
Comparing the first and second studies, a more significant symmetrical position of all studied anthropometric points was noted in the SP group. The significant differences also concerned the antero-superior and postero-superior iliac spines in the SE group (greater symmetrical positioning) and iliac crests in the C group (greater asymmetry in the second study compared with the first study).
Somatic features (body mass, height, and BMI) did not differentiate the studied groups (Table 2) . Neither in the first nor the second study were significant differences in loading in the right and left leg noted. Whereas a significant difference was noted in the placement of the acromions between the C and SE groups in the second study and the the placement of the postero-superior iliac spine between C and SP groups as well as C and SE groups in the second study.
Discussion
Faults in body posture are diagnosed in a significant percentage of children of early school age. A preventative programme of systematic exercises on non-stable surfaces and sitting on a sensorimotor disc during school lessons corrected trunk setting in the frontal plane. In creating the programme, the authors decided to use Swiss balls and sensorimotor discs because of the widely held opinion that exercises on non-stable surfaces have a beneficial influence on stimulating proprioception and core stability [15] . Using non-stable surfaces improves the reaction speed of the muscles, increasing motor control and activating preferred motor strategies [16, 17] .
Wit [18] noted the positive effects of using Swiss balls instead of chairs in school classrooms. Pupils noticed an improvement in body posture and increase of muscle strength in themselves. Schilling et al. [19] successfully used sitting on Swiss balls during classes as a supplementary therapy for children with ADHD. The authors' own experience suggests that non-stable surfaces also work well in making people with intellectual disabilities more effective [20, 21] . Children like and willingly perform exercises on balls and discs.
In most schools, tables and chairs are of standard height. They are not suited to the pupils' bodies. Children often use different classrooms and do not have designated places to work. An asymmetrical sitting position, with an excessively curved back and head forward is typical for pupils [22, 23] . This sitting position is similar in children using tablets or drawing [24] . A careless sitting position is associated with the increasingly observed back pain and headaches in children [25] [26] [27] [28] [29] . Learning the appropriate sitting position serves not only posture defect prevention but also counteracts neck and back pain [30] .
In these studies, sensorimotor discs placed on chairs were used to stimulate correct sitting position. This choice was for practical reasons. Children moving between classrooms carried with themselves this small, light disc. This was much more convenient than taking a huge ball or chair to their next classroom. Introducing exercises on non-stable surfaces in the PE programme for another group of children resulted from the assumption that correct posture should be maintained all the time, not only while seated. This is why children were doing both static as well as dynamic exercises in various starting positions. It is assumed that training on non-stable surfaces makes them maintain a balanced position, which are optimal when the trunk is set properly [31] .
The results show that both systematically performed exercises and sitting in classrooms on sensorimotor pillows serves the symmetrical setting of the shoulder girdle and pelvis. A more notable effect (confirmed by statistical significance) was observed in the SP group. Perhaps an increased frequency of exercises would have been required. These studies were restricted to assessing the trunk setting in the frontal plane. The authors intend to repeat the experiment with another first-year group, broadened to threedimensional assessment of posture using different research tools. The observation of children's posture discussed in this study will also be continued.
Conclusions
Regular exercises on non-stable surfaces, as well as sitting on sensorimotor discs during classes, improves body symmetry in the frontal plane. The proposed exercise programme presented that using sensorimotor discs and Swiss balls as well as sitting on sensorimotor discs might be an effective preventative method for early school age children with poor posture.
